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(54) Method and device for optical amplification 

(57) In an optical amplifying device, an optical direct 
amplifier (11) amplifies input optical signals subjected to 
wavelength division multiplexing (WDM). An optical 
feedback is used, comprising a beam splitter (12) that 
splits the amplified WDM signals into two. An optical fil- 
ter (13A) separates a particular optical signal from one 
of the two outputs of the beam splitter (1 2). An optoelec- 
trical converter (14) converts the separated optical sig- 
nal to a corresponding electric signal. A gain controller 
(15) controls the gain of the direct amplifier (1 1) on the 
basis of the electric signal output from the converter 
(14). The optical filter 13A may be replaced with an opti- 
cal variable filter (13B) and controlled by control means 
when the optical signal for gain control is shut off or 
sharply varied in wavelength. Because the gain of the 
direct amplifier (14) is controlled by use of particular one 
of the plurality of WDM signals, the individual optical 
signal is controlled to a preselected level even when the 
number of WDM signals is changed. 
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Description 

The present invention relates to a method and a 
device for optical amplification and, more particularly; to 
a method and a device for directly amplifying wave- s 
length division multiplex (WDM) optical signals for use 
in an optical communication system. 

Optical communication systems include a WDM 
communication system in which a plurality of WDM opti- 
cal signals each having a particular wavelength are sent 10 
together through an optical f toer or transmission path. In 
this kind of system, the multiplexed optical signals are 
amplified by the following procedure. 

The multiplexed optical signals are incident to an 
optical direct amplifier or amplifying medium imple- 75 
merited by, e.g„ an erbium-doped optical fiber. The 
direct amplifier amplifies the incident optical signals in 
the form of light. The amplified optical signals are input 
to a beam splitter and split into two thereby. One part of 
the split optical signals is applied to an optoelectrical 20 
converter and transformed to an electric signal thereby. 
The electric signal is input to a gain controller. In 
response, the gain controller controls the gain of the 
direct amplifier such that the electric signal has a prese- 
lected level. 25 

As stated above, it has been customary with a 
method and a device for optical amplification to control 
the gain of the optical direct amplifier such that the mul- 
tiplexed optical signals have a preselected total output 
level. Hence, so long as the conventional device deals 30 
with a fixed number of multiplexed optical signals, it can 
perform accurate control over the optical output level. 

However, it is difficult with the conventional device 
to change the preselected number of optical signals 
afterward. For example, when the number of optical sig- 35 
nals to be amplified is increased, the output level of the 
individual signal decreases because the device controls 
the total optical output level to a preselected level. As a 
result, the incfividual optical signal cannot be amplified 
to the expected level. 40 

In this manner, it is difficult with the conventional 
method and device to change the number of signals to 
be multiplexed, i.e., the transmission capacity after the 
start of operation of the system. In this sense, the sys- 
tem using the conventional method and device for opti- 45 
cal amplification lacks in extendibiiity. 

It is therefore an object of the present invention to 
provide a method and a device for optical amplification 
capable of controlling the optical output level of the indi- 
vidual WDM optical signal to a preselected level. so 

In accordance with the present invention, an optical 
amplifying device has an optical direct amplifier for 
amplifying optical signals subjected to WDM, and a 
beam splitter for splitting the optical signals amplified by 
the optical direct amplifier into two. An optical filter sep- ss 
arates a single optical signal from one of the two outputs 
of the beam splitter. An optoelectrical converter outputs 
an electric signal corresponding to the level of the single 
optical signal transmitted through the optical filter. A 



gain controller controls the gain of the optical direct 
amplifier such that the electric signal output from the 
optoelectrical converter has a preselected level. 

In a preferred embodiment of the present invention, 
an optical variable filter is used to separate the single 
optical signal from one of two outputs of said beam split- 
ting means, and varies its transmission wavelength 
range in response to a control signal. The optoelectrical 
converter outputs an electric signal corresponding to 
the level of the optical signal transmitted through the 
optical variable filter. A transmission wavelength range 
varying circuit varies the center value of the transmis- 
sion wavelength range of the variable filter periodically, 
and matches, based on the electric signal output from 
the optoelectrical converter, the center value to the 
wavelength of the single optical signal transmitted 
through the variable filter. 

In another preferred embodiment of the present 
invention, a control circuit sweeps the center value over 
a preselected wavelength range to thereby confine the 
wavelength of the single optical signal in the transmis- 
sion wavelength range of the variable filter. 

Further, in accordance with the present invention, a 
method of amplifying optical signals subjected to WDM, 
has the steps of separating a single optical signal from 
a plurality of optical signals output from an optical direct 
amplifier, and controlling the gain of the optical direct 
amplifier on the basis of the level of the single optical 
signal. 

The above method and device control the gain of 
the optical direct amplifier by use of the level of one of 
the WDM signals undergone amplification. This allows 
the level of the individual optical signal to be amplified to 
a preselected level even when the number of WDM sig- 
nals is changed. Further, in the above preferred embod- 
iments, the gain of the optical direct amplifier can be 
accurately controlled even when the wavelength of the 
optical signal fluctuates, because the center value of the 
transmission wavelength range of the variable filter is 
adjustable. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advan- 
tages of the present invention will become apparent 
from the following detailed description when taken with 
the accompanying drawings in which: 

Fig. 1 is a block diagram schematically showing a 

conventional optical amplifying device; 

Fig. 2 is a block diagram schematically showing an 

optical amplifying device embodying the present 

invention; 

Fig. 3 is a schematic block diagram showing an 
alternative embodiment of the present invention; 
and 

Fig. 4 is a schematic block diagram showing 
another alternative embodiment of the present 
invention. 
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In the figures, the same constituent parts are desig- 
nated by tike reference numerals. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

To better understand the present invention, a brief 
reference will be made to a conventional optical amplify- 
ing device, shown in Rg. 1 . As shown, WDM optical sig- 
nals are amplified by an optical direct amplifier 11 and 
then input to a beam splitter 12. The beam splitter 12 
splits the input signals into two. One part of the two out- 
puts of the beam splitter 12 is input to an optoelectrical 
converter 14 and converted to an electric signal of cor- 
responding level thereby. A gain controller 15 controls 
the gain of the amplifier 1 1 such that the electric signal 
output from the converter 14 has a preselected level. In 
this manner, the direct amplifier 1 1 is so controlled as to 
provide the WDM optical signals with a preselected out- 
put level. This brings about a problem that when the 
- number of WDM signals increases, the output level of 
the individual signal decreases. 

An optical amplifying device embodying the present 
invention will be described with reference' to Fig. 2. As 
shown, optical WDM signals are input to an optical 
direct amplifier 11 via an optical connector 20 and 
amplified in the form of light thereby. A beam splitter 12 
splits the output of the amplifier 1 1 into two. The ampli- 
fier 1 1 consists of an erbium-doped optical fiber capable 
of amplifying a 1.55 (im band, and a semiconductor 
laser tor excitation. The beam splitter 12 spirts the input 
light by the ratio of 90:10. As a result, 90 % of the input 
light is fed to an optical connector 21 while 10 % of the 
same is fed to an optical filter 13 A. 

The optical filter 13A is so adjusted as to separate 
only one of the input optical signals which has a partic- 
ular wavelength. The separated optical signal is input to 
an optoelectrical converter 14 which may be imple- 
mented by a photodiode by way of example. The optoe- 
lectrical converter 14 outputs an electric signal 
corresponding in level to the input optical signal. The 
electric signal is fed from the converter 1 4 to a gain con- 
troller 1 5. The gain controller 1 5 controls the gain of the 
amplifier 1 1 such that the electric signal has a prese- 
lected level. Specifically, to control the gain of the ampli- 
fier 1 1, the gain controller 15 controls the current to be 
injected into the semiconductor laser of the amplifier 1 1 . 

In the above arrangement, a single optical signal 
having a particular wavelength is separated from the 
WDM signals output from the amplifier 1 1 , and the gain 
of the amplifier 1 1 is controlled such that the separated 
signal has a preselected level. Hence, all the WDM sig- 
nals are controlled to a preselected level without regard 
to the number thereof. 

For example, assume that two optical signals hav- 
ing wavelengths A1 (1.552 p.m) and A2 (1.557 jyum), 
respectively, are subjected to WDM, and that the optical 
filter 13A (transmission loss 3 dBm ranging from about 
2 nm to about 3 nm) transmits only the signal of X^ . Fur- 



ther, assume that the optical signal input to the optoe- 
lectrical converter 14 has a level of +2.45 dBm. 

Under the above specific conditions, when the sig- 
nal levels of the wavelengths A.1 and X2 are both 0 dBm, 

5 the two WDM signals have a level of +3 dBm. The 
amplifier 11 amplifies such multiplexed signals to 
+15.45 dBm. The beam splitter 12 splits the amplified 
optical signals by the ratio of 90:10. One part of the out- 
puts of the beam splitter 12 is input to the optical con- 

w nector 21 with a level of +15 dBm (X1 and X2 being 12 
dBm each), while the other part of the same is input to 
the optical filter 13 with a level of +5.45 dBm. The filter 
13A transmits only the signal of X1 and feeds its output 
of +2.45 dBm to the converter 14. 

is Assume that optical signals having wavelengths of 
A3 and X4, respectively, and a level of 0 dBm are added 
to the above signals of X1 and A2 and input to the direct 
amplifier 11 as WDM signals. In this case, the multi- 
plexed signals have a level of +6 dBm. Even in this con- 

20 dition, the four multiplexed signals (VI. A2, A3 and M 
each having a level of +12 dBm as in the case of the two - 
multiplexed signals) are output with the level of 4-18 
dBm from the optical connector 21 because the gain of 
the amplifier 1 1 is controlled on the basis of the signal of 

25 X1. 

As stated above, the illustrative embodiment is 
capable of controlling the level of the individual optical 
signal to a preselected level without regard to the 
number of optical signals to be multiplexed. 

so Referring to Fig. 3, an alternative embodiment of 
the present invention will be descrfced. If the wave- 
length of the single optical signal, or monitor light, 
slightly fluctuates, the level of the optical signal input to 
the optoelectrical converter 14 will fluctuate and will 

35 result in inaccurate gain control. The embodiment to be 
described includes a measure against such an occur- 
rence. 

As shown in Fig. 3, this embodiment has an optical 
filter implemented as an optical variable filter 13B. The 

40 variable filter 1 3B has a laminate interference film made 
up of a plurality of dielectric films. The angle of the inter- 
ference film relative to incident light is variable in order 
to vary the center value of the transmission wavelength 
range of the filter 1 3B 

45 An optical filter controller 1 6 is connected to the var- 
iable filter 13B and outputs a signal for controlling the 
center value of the transmission wavelength range of 
the filter 13B. An oscillator 17 outputs a low frequency 
signal (e.g. about 100 Hz). The output of the oscillator 

so 1 7 is superposed on the signal output from the filter 
controller 16. 

The signal output from the filter controller 16 
defines the time mean of the center value of the trans- 
mission wavelength range of the variable filter 13B. The 

as filter 1 3B is controlled by the outputs of the filter control- 
ler 16 and oscillator 1 7 such that its transmission wave- 
length range delicately varies with a certain wavelength 
as the center (in order to prevent the wavelength of light 
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being transmitted from missing the transmission wave- 
length range as far as possible). 

The transmittance of an optical filter is maximum at 
the center of the transmission wavelength range. 
Hence, the optical signal incident to the optoelectrical s 
convener 14 for gain control varies in level with a varia- 
tion in the transmission wavelength range of the variable 
filter 13B. As a result, the electric signal output from the 
converter 1 4 varies in level with a variation in the level of 
the optical signal. By estimating the shape of the time- 10 
varying pattern of the above electric signal, it is possible 
to determine the distance between the wavelength of 
the optical signal being separated and the center wave- 
length of the transmission wavelength range, and there- 
fore to match the center of the above range to the is 
wavelength of the optical signal. 

The device shown in Fig. 3 further includes a low- 
pass filter (LPF) 18 and a synchronous detector 19. The 
LPF 18 separates only a time-varying component from 
the output of the optoelectrical converter 14. The syn- 20 
chronous detector 19 detects the output signal of the 
LPF 18 synchronously in response to the low-frequency 
signal output from the oscillator 17. 

The synchronous detector 19 produces an error 
signal representative of the distance between the wave- 2s 
length of the detected optical signal and the center 
value of the transmission wavelength range. On receiv- 
ing the error signal, the filter controller 16 outputs a con- 
trol signal which reduces the error signal to zero, 
thereby matching the center value of the transmission so 
wavelength range to the wavelength of the optical sig- 
nal. 

The optical signal for gain control varies its center 
wavelength delicately, depending on various conditions. 
Therefore, the variable filter 13B should preferably be 35 
continuously subjected to the above control throughout 
the operation of the amplifying device. 

Fig. 4 shows another alternative embodiment of the 
present invention. As shown, the embodiment includes 
a CPU (Central Processing Unit) 22. The CPU 22 con- 40 
trols the optical filter controller 16 such that the amplify- 
ing device performs the following operation. 

First, the CPU 22 executes a control for selecting 
the optical signal to be used for gain control. The optical 
signal may be selected beforehand or at the time of the 46 
start-up of the amplifying device. When the amplifying 
device is started up, the CPU 22 sends a command to 
the filter controller 16. In response, the filter controller 
16 causes the center of the transmission wavelength 
range of the variable filter 13B to continuously sweep so 
the wavelength range including the wavelengths of the 
multiplexed optical signals, e.g., from the short wave- 
length side to the long wavelength side. While the con- 
tinuous sweep is under way, the CPU 22 monitors the 
time-varying output of the optoelectrical converter 14 . ss 
On detecting the peak of the optical signals, the CPU 22 
sends a command to the filter controller 16 for causing 
it to start the previously stated gain control and trans- 
mission wavelength range control by using the transmis- 



sion wavelength range, which contains peak of the 
optical signals, as the initial value. 

Further, the CPU 22 monitors the output of the con- 
verter 14. When the output of the converter 14 sharply 
falls, e.g., when the optical signal having been transmit- 
ted through the filter 13B is shut off, the CPU 22 causes 
the gain controller 15 to stop controlling the gain of the 
direct amplifier 1 1 . Subsequently, the CPU 22 sends the 
previously mentioned command to the filter controller 
16 for the continuous sweep of the center of the trans- 
mission wavelength range of the variable filter 13B, 
thereby detecting the range in which the peak appears. 
This is followed by the gain control and transmission 
wavelength range control using the detected range as 
the initial value. 

In the above embodiments, the direct amplifier 1 1 is 
implemented by an erbium-doped optical ffoer. Alterna- 
tively, use may be made of an optical fiber doped with, 
e.g., neodymium or praseodymium. The direct amplifier 
1 1 may even be implemented as a semiconductor laser 
amplifier, if desired. 

In summary, in accordance with the present inven- 
tion, an optical amplifying device controls the gain of an 
optical direct amplifier by use of the level of one of a plu- 
rality of optical WDM signals undergone amplification. 
Hence, the device is capable of controlling the level of 
the individual optical signal to a preselected level even 
when the number of optical signals is changed. This 
realizes a highly extendible system which allows the 
number of optical signals to be multiplexed increased or 
decreased, as desired. 

The device includes an optical variable filter and 
means for matching the center of the transmission 
wavelength range of the filter to the wavelength of the 
optical signal to be used for gain control. Hence, the 
device is capable of executing accurate gain control 
even when the wavelength of the optical signal fluctu- 
ates. 

Moreover, the device is capable of automatically 
continuing the gain control even when the optical signal 
for gain control is shut off or sharply varied. 

While the present invention has been described in 
connection with certain preferred embodiments, it is to 
be understood that the subject matter encompassed by 
the present invention is not limited to those specific 
embodiments. On the contrary, it is intended to include 
ail the alternatives, modifications, and equivalents as 
can be included within the spirit and scope of the follow- 
ing claims. 

Claims 

1 . An optical amplifying device comprising: 

an optical direct amplifier for amplifying optical sig- 
nals subjected to wavelength division multiplexing; 

beam splitting means for splitting said optical 
signals amplified by said optical direct amplifier into 
two; 

an optical filter for separating a single optical 
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signal from one of two outputs of said beam splitting 
means; 

optoelectrical converting means for output- 
ting an electric signal corresponding to a level of 
said single optical signal transmitted through said 5 
optical filter; and 

gain control means for controlling a gain of 
said optical direct amplifier such that said electric 
signal output from said optoelectrical converting 
means has a preselected level. 10 

An optical amplifying device comprising: an optical 
direct amplifier for amplifying optical signals sub- 
jected to wavelength division multiplexing; 

beam splitting means for splitting the optical is 
signals amplified by said optical direct amplifier into 
two; 

an optical variable filter for separating a sin- 
gle optical signal from one of two outputs of said 
beam splitting means, and varying a center value of 20 
a transmission wavelength range of said optical var- 
iable fitter in response to a control signal; 

optoelectrical converting means for output- 
ting an electric signal corresponding to a level of 
said single optical signal transmitted through said 25 
optical variable filter; 

gain control means for controlling a gain of 
said optical direct amplifier such that said electric 
signal output from said optoelectrical converting 
means has a preselected level; and 30 

transmission wavelength range varying 
means for varying a center value of said transmis- 
sion wavelength range of said optical variable filter 
periodically, and matching, based on said electric 
signal output from said optoelectrical converting 35 
means, said center value to a wavelength of said 
single optical signal transmitted through said optical 
variable filter. 



transmission wavelength range varying 
means for varying a center value of said transmis- 
sion wavelength range of said optical variable filter 
periodically, and matching, based on said electric 
signal output from said optoelectrical converting 
means, said center value to a wavelength of said 
single optical signal transmitted through said optical 
variable filter; and 

control means for sweeping said center 
value over a preselected wavelength range to 
thereby confine a wavelength of said single optical 
signal in said transmission wavelength range. 

4. An optical amplifying device as claimed in any one 
of claims 2 and 3, wherein said transmission wave- 
length range varying means comprises: 

an optical filter controller for outputting an 
optical filter control signal; 
an oscillator; 

a low-pass filter connected to said optoelec- 
trical converting means; and 

a synchronous detector for synchronously 
detecting a signal separated by said low-pass filter, 
and applying an output of said synchronous detec- 
tor to said optical filter controller. 

5. A method of amplifying optical signals subjected to 
wavelength division multiplexing, comprising the 
steps of: 

separating a single optical signal from a plu- 
rality of optical signals output from an optical direct 
amplifier; and 

controlling a gain of said optical direct ampli- 
fier on the basis of a level of said single optical sig- 
nal. 



An optical amplifying device comprising: 40 

an optical direct amplifier for amplifying opti- 
cal signals subjected to wavelength division multi- 
plexing; 

beam splitting means for splitting the optical 
signals amplified by said optical direct amplifier into 46 
two; 

an optical variable filter for separating a sin- 
gle optical signal from one of two outputs of said 
beam splitting means, and varying a center value of 
a transmission wavelength range of said optical var- so 
iable filter in response to a control signal; 

optoelectrical converting means for output- 
ting an electric signal corresponding to a level of 
said single optical signal transmitted through said 
optical variable filter; ss 

gain control means for controlling said opti- 
cal direct amplifier such that said electric signal out- 
put from said optoelectrical converting means has a 
preselected level; 
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